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CAMERA SIGNAL PROCESSING APPARATUS AND 
CAMERA SIGNAL PROCESSING METHOD 

BACKGROUND OF THE INVENTION 

The present invention relates to a camera signal 
processing apparatus and a camera signal processing 
method for processing a camera signal generated by a 
camera apparatus of single-plate type. More 
particularly, the present invention relates to a camera 
signal processing apparatus and a camera signal 
processing method for computing a correlation value 
indicative of a correlation between interpolated values 
of pixels when a luminance signal or a color difference 
signal is generated from an imaging signal generated by a 
solid-state image sensor. 

In a camera apparatus of single-plate type using 
a solid-state image sensor such as a charge coupled 
device (CCD) image sensor (hereafter simply referred to 
as a CCD), a color filter for transmitting lights 
corresponding to R (Red), G (Green), and B (Blue) is 
arranged on the CCD. In this color filter, a region for 
transmitting a red light, a region for transmitting a 
green light, and a region for transmitting a blue light 
are formed in matrix. For example, these regions are 



arranged as G, R, G ... or B, G, B ... horizontally. The 
light that passed each region of the color filter is 
inputted in the CCD. Then, pixel data G, pixel data R, 
and pixel data B are generated from the pixels 
corresponding to the R, G, and B regions of the color 
filter. 

In this camera apparatus, a luminance signal and 
a color signal are generated based on the lights inputted 
in the CCD. 

The CCD used in the above-mentioned camera 
apparatus is arranged with a color filter having R, G> 
and B for each pixel. The R, G, and B regions are 
arranged as R, G, R, G, ... horizontally for example. In 
this camera apparatus, a color signal is generated in 
correspondence with the color filter arranged for each 
pixel. Therefore, in this CCD, in a pixel for which the 
color filter for transmitting a red light is arranged, 
the pixel data G and the pixel data B corresponding to G 
and B respectively are not generated, making it necessary 
for the data corresponding to G and B to be generated by 
interpolation . 

In the above-mentioned camera apparatus, a method 
of processing a luminance camera signal generated by the 
CCD for example is known in which, for reading all 



pixels, pixel data is generated by performing arithmetic 
mean on the pixel data corresponding to four pixels f 
namely two vertical pixels and two horizontal pixels of 
the CCD. 

In the single-plate camera apparatus , when 
generating pixel data by interpolation, correlation 
values indicative of correlations in vertical and 
horizontal directions are detected. In this detection/ 
the signals of pixels arranged around are calculated by 
use of a filter to obtain the correlation value in 
vertical direction and the correlation value in 
horizontal direction. Further, in this camera apparatus, 
the pixel data obtained by interpolation is weighted by 
use of the obtained correlation values. 

SUMMARY OF THE INVENTION 

However, in the above-mentioned camera apparatus , 
the detection of a correlation value by the above- 
mentioned technique may fail to correctly detect the 
relationship between vertical correlation and horizontal 
correlation in the pixel data generated by the CCD. 

Namely, the relationship between vertical 
correlation and horizontal correlation may not be 
correctly computed due to the aspect ratio of the CCD or 
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a distortion or noise caused when an analog signal 
outputted from the CCD is detected or a high-frequency 
signal difficult to be detected for example. 

If the relationship between vertical correlation 
and horizontal correlation is not correctly computed, it 
is difficult to determine in which of the vertical and 
horizontal directions the correlation is higher. 

It is therefore an object of the present 
invention to provide a camera signal processing apparatus 
and a camera signal processing method capable of varying 
the relationship between vertical correlation and 
horizontal correlation by considering a signal distortion 
caused by the CCD for example. 

In carrying out the invention and according to 
one aspect thereof, there is provided a camera signal 
processing apparatus comprising: a correlation detector 
for detecting a horizontal correlation value and a 
vertical correlation value for indicating degrees of 
correlation in horizontal and vertical directions of 
interpolated pixel data generated based on a position of 
pixel data detected by a solid-state image sensor and 
pixel data around that position and detecting a 
horizontal correlation value and a vertical correlation 
value for weighting the interpolated pixel data; a 



normalizing circuit for normalizing the horizontal 
correlation value and the vertical correlation value 
detected by the correlation detector to generate a 
normalized value indicative of a relative value between 
these correlation values; and a correcting circuit for 
adding a predetermined correction value to the normalized 
value generated by the normalizing circuit. 

In carrying out the invention and according to 
another aspect thereof , there is provided a camera signal 
processing method comprising the steps of: detecting a 
horizontal correlation value and a vertical correlation 
value for indicating degrees of correlation in horizontal 
and vertical directions of interpolated pixel data 
generated based on a position of pixel data detected by a 
solid-state image sensor and pixel data around that 
position and detecting a horizontal correlation value and 
a vertical correlation value for weighting the 
interpolated pixel data; normalizing the horizontal 
correlation value and the vertical correlation value 
detected in the correlation detecting step to generate a 
normalized value indicative of a relative value between 
these correlation values; and adding a predetermined 
correction value to the normalized value generated in the 
normalizing step. 



BRIEF DESCRIPTION OF THE DRAWINGS 

These and other objects of the invention will be 
seen by reference to the description, taken in connection 
with the accompanying drawing, in which: 

FIG. 1 is a block diagram illustrating an example 
of a constitution of a camera apparatus; 

FIG. 2 is a block diagram illustrating an example 
of a constitution of a signal processing circuit; 

FIG. 3 is a diagram illustrating an example of an 
arrangement of pixel data R, G, and B each corresponding 
to each of pixels; 

FIG. 4 is a circuit diagram illustrating an 
example of a constitution of a vertical-direction 
interpolator; 

FIG. 5 is a diagram illustrating an example of an 
arrangement of pixel data G corresponding to each pixel; 

FIG. 6 is a graph illustrating a frequency 
characteristic of an LPF [1,0,6,0,1]; 

FIG. 7 is a graph illustrating a frequency 
characteristic of an LPF [1, 0, 1]; 

FIG. 8 is a diagram illustrating an example of - 
interpolated pixel data G* to be generated after 
interpolation; 
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FIG. 9 is a circuit digram illustrating an 
example of a horizontal-direction interpolator; 

FIG. 10 is a diagram illustrating an example of 
an arrangement of pixel data B corresponding to each 
pixel ; 

FIG. 11 is a diagram illustrating an example of 
an arrangement interpolated pixel data B' obtained when 
vertically performing arithmetic mean on the pixel data B 
corresponding to each pixel; 

FIG. 12 is a diagram illustrating an example of 
interpolated pixel data B' to be generated after 
interpolation; 

FIG. 13 is a circuit diagram illustrating an 
example of a constitution of a vertical-direction 
interpolator; 

FIG. 14 is a circuit diagram illustrating an 
example of a constitution of an edge processor; 

FIG. 15 is a diagram illustrating an example of 
edge processing to be performed by the edge processor; 

FIG. 16 is a circuit diagram illustrating an 
example of a constitution of a horizontal correlation 
detector; 
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FIG, 17 is a circuit diagram illustrating an 
example of a constitution of a vertical correlation 
detector; 

FIG. 18 is a circuit diagram illustrating an 
example of a constitution of a noise canceler; 

FIG. 19A is a diagram illustrating an example of 
performing subtraction processing on a correlation value 
inputted in the noise canceler; 

FIG. 19B is a diagram illustrating an example in 
which the correlation value is limited by a negative 
value; 

FIG. 20 is a diagram illustrating an example of a 
constitution of an offset circuit; 

FIG. 21 is a graph illustrating an example of the 
variation in input/output characteristic obtained when an 
offset value is added to a correlation value inputted in 
the offset circuit; 

FIG. 22 is a diagram illustrating an example of 
image data that changes in color for each adjacent pixel 
data; 

FIG. 23 is a diagram illustrating an example of a 
constitution of a bias correcting circuit; 

FIG. 24 is a diagram illustrating an example of 
the variation in input /output characteristic obtained 
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when a correction value is added to a correlation value 
inputted in the bias correcting circuit; 

FIG. 25 is a diagram illustrating an example of a 
constitution of an emphasis/deemphasis circuit; 

FIG. 26 is a graph illustrating the variation in 
input/output characteristic obtained when multiplication 
is performed on a correlation value inputted in the 
emphas is /deemphas is circuit ; 

FIG. 27 is a circuit diagram illustrating an 
example of a constitution of a color difference signal 
suppressor; 

FIG. 28A and FIG. 28B are diagrams illustrating 
examples of selecting minimum absolute value interpolated 
pixel data Rh and Gh of the color differences of 
interpolated pixel data Rv and Gv for pixel data R and G 
vertically arranged in a color difference signal 
suppressor, interpolated pixel data Rh and Gh for 
horizontally arranged pixel data R and C, and weighted 
interpolated pixel data Rc and Gc; and 

FIGs. 29A and 29B are diagrams illustrating other 
examples of pixel data arrangements. 

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS 
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This invention will be described in further 
detail by way of example with reference to the 
accompanying drawings. 

As shown in FIG. 1, a camera signal processing 
apparatus associated with the present invention is 
applicable to a camera apparatus 1 for generating a still 
image according to an inputted light for example. 

The camera apparatus 1 comprises an optical 
system 2 for forming the image of a subject onto a CCD 
(Charge Coupled Device) imager (hereafter simply referred 
to as a CCD), a CCD 3, a timing generator 4 for driving 
the CCD 3, a sample-and-hold circuit 5 for into which an 
imaging signal is inputted, an AGC (Automatic Gain 
Control) circuit 6 into which the imaging signal is 
inputted from the sample-and-hold circuit 5 for gain 
control, an A/D converter 7 for converting the inputted 
imaging signal into digital image data, a camera signal 
processor 8 for performing camera signal processing on 
the image data, a CCD detector 9 for detecting the 
imaging signal generated by the CCD 3, and a control 
block 10 for controlling the above-mentioned components. 

The CCD 3 has a color filter in which a region 
for transmitting a red light (R), a region for 
transmitting a green light (G), and a region for 
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transmitting a blue light (B) are formed in a matrix. 
The lights transmitted through the color filter for each 
pixel are inputted in the CCD 3. In this color filter r 
these color transmitting regions are arranged as R, G, R, 
G, ... or G, B, G, B, ... in a horizontal direction for 
example. Namely , the CCD 3 generates pixel data R, pixel 
data G, and pixel data B based on the lights 
corresponding to R, G, and B for each pixel. 

The image data outputted from the A/D converter 7 
is inputted v in the CCD detector 9. The image data 
detected by the CCD detector 9 is inputted in an AE 
(Automatic Exposure) circuit and an AF (Automatic Focus) 
circuit, not shown, for example. The image data inputted 
in the AE circuit for example is used for adjusting the 
speed or aperture of an electronic shutter, thereby 
automatically switching between the brightness levels of 
light entering the CCD 3. 

Referring to FIG. 2, the camera signal processor 
8 comprises a defect correcting circuit 11 into which the 
image data is inputted from the A/D converter 7, a CLP 
(Clamp) circuit 12 into which the image data is inputted 
from the defect correcting circuit 11, a white balance 
circuit 13 into which the image data is inputted from the 
CLP circuit 12, and a y (gamma) correcting circuit 14 

11 



into which the image data is inputted from the white 
balance circuit 13. 

The defect correcting circuit 11 performs defect 
correction on the image data supplied from the A/D 
converter 7. The defect correcting circuit 11 corrects a 
defect of a pixel for which no pixel data is generated 
because the CCD 3 has a defect and outputs the corrected 
image data to the CLP 12. 

In the CLP circuit 12 , optical black is 
subtracted from the image data supplied from the defect 
correcting circuit 11. Thus, the CLP circuit 12 corrects 
the black level of the inputted image data and outputs 
the resultant image data to the white balance circuit 13. 

The white balance circuit 13 adjusts the levels 
of the colors corresponding to the image data R, G, and B 
supplied from the CLP circuit 12. Thus, the white 
balance circuit 13 outputs the image data corrected in 
level for each color to the gamma correcting circuit 14. 

The gamma correcting circuits 14 performs gamma 
correction on the image data supplied from the white 
balance circuit 13. Then, the gamma correcting circuit 
14 outputs the corrected image data to an image data 
interpolating block and a correlation value detecting 
block to be described later. 
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Referring to FIG. 2 again, the camera signal 
processor 8 comprises the image data interpolating block 
15 into which the image data is inputted from the gamma 
correcting circuit 14, a correlation value detecting 
block 16 for detecting a correlation value between the 
pieces of image data f a noise canceling block 17 for 
eliminating a noise from the correlation value, an offset 
circuit 18 for offsetting the correlation value, a 
normalizing circuit 19 for normalizing the correlation 
value, a bias correcting circuit 20 for correcting the 
bias in the direction of correlation detection, an 
emphasis/deemphasis circuit 21 for emphasizing or 
deemphasizing the correlation, a weighted addition 
circuit 22 for weighting the interpolated image data by 
use of the correlation value, a contour correcting 
circuit 23 for correcting the contour of the image data, 
a Y/C converter 24 for converting the image data into a 
Y/C signal composed of a luminance signal (Y) and a color 
difference signal (C), a color difference signal 
suppresser 25 for suppressing a false color signal caused 
by a color difference signal, and an output block 26. 

Image data composed of plural pieces of pixel - 
data is inputted from the gamma correcting circuit 14 
into the image data interpolating block 15. The image 
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data interpolating block 15 perform interpolation on the 
pixel data R, G, and B for each pixel to generate 
interpolated pixel data R' , G', and B' . The image data 
interpolating block 15 includes a horizontal-direction 
interpolator 15a for interpolating the pixel data 
corresponding to horizontally arranged pixels and a 
vertical-direction interpolator 15b for interpolating the 
pixel data corresponding to vertically arranged pixels. 

The pixel data R, G, and B corresponding to the 
pixels arranged in a matrix as shown in FIG. 3 is 
inputted in the horizontal-direction interpolator 15a. 
The horizontal-direction interpolator 15a computes the 
interpolated pixel data in horizontal direction by use of 
a filter expressed in a relation (1) below. It should be 
noted that FIG. 3 shows the pixel data R, G, and B each 
corresponding to each pixel and indicates each pixel in a 
coordinate number. In what follows, it is assumed that 
the pixels be arranged on horizontal lines Oh, lh, 2h, 
3h, and 4h. 

[1, 4, 6, 4, l]/8 ... (1) 

Because the filter indicated by the relation (1) 
is used to compute interpolated pixel data R' , G* , and - 
B', the horizontal-direction interpolator 15a is 
constituted as shown in FIG. 4. 
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When generating the interpolated pixel data R f , 
G r , and B' in horizontal direction, the horizontal- 
direction interpolator 15a is constituted as shown in 
FIG. 4. The horizontal-direction interpolator 15a 
comprises an input block 3 0 into which pixel data is 
inputted from the gamma correcting circuit 14, a delay 
circuit 31 into which each piece of pixel data is 
inputted from the input block 30 , a filter 32 into which 
each piece of pixel data in horizontal direction is 
inputted from the delay circuit 31 to generate 
interpolated pixel data, a selector 33 into which the 
interpolated pixel data is inputted through the filter 
32, and an output terminal 34 from which the interpolated 
pixel data supplied from the selector 33 is outputted. 

Pixel data pieces in horizontal direction are 
sequentially inputted in the input block 30 from the 
gamma correcting circuit 14. These pixel data pieces are 
inputted in the input block 30 one at each clock. 

The delay circuit 31 includes delay circuits 31a 
through 3 Id into which the pixel data inputted in the 
input block 30 are inputted. In the delay circuit 31, 
the inputted pixel data are inputted in the delay 
circuits 31a through 3 Id in synchronization with the 
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above-mentioned clock, the delayed pixel data being 
outputted to the filter 32. 

The filter 32 includes an adder 32a into which 
the pixel data is inputted through the input block 30 and 
the delay circuit 3 Id, an adder 32b into which the pixel 
data is inputted through the delay circuit 31a and the 
delay circuit 31c, an adder 32c into which the pixel data 
is inputted through the delay circuit 31b, and an adder 
32d into which the outputs from the adder 32a and the 
adder 32c are inputted. 

In the adder 32a, the pixel data directly from 
the input block 3 0 and the pixel data through the delay 
circuit 3 Id are inputted. In the adder 32c, the pixel 
data is inputted through the delay circuit 31b. In the 
adder 32d, the pixel data is inputted through the adder 
32a and the adder 32c. In the adder 32b, the pixel data 
is inputted through the delay circuit 31a and the delay 
circuit 31c. 

Namely, the filter 32 constitutes filter [1, 0, 
6, 0, l]/8 by the adders 32a, 32c, and 32d and filter [1, 
0, l]/2 by the adder 32b. 

The selector 33 includes a selector 33a and a 
selector 33b into which the output of the adder 3 2d and 
the pixel data through the delay circuit 31b are 
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inputted, a selector 33c into which the output of the 
selector 33a and the output of the adder 32b are 
inputted , and a selector 33d into which the outputs of 
the adder 32b and the selector 33b are inputted. 

A control signal is inputted from the control 
block 10 into these selectors 33a through 33d to control 
the operations of thereof. 

The output block 34 has a terminal 34a for 
outputting the data from the selector 33c and a terminal 
34b for outputting the data from the selector 33d to an 
edge processor circuit to be described later. 

The horizontal-direction interpolator 15a thus 
constituted computes not only interpolated pixel data 
R22' and B22* but also interpolated pixel data G22' for 
pixel data G22 for example. 

When the horizontal-direction interpolator 15a 
computes interpolated pixel data G22 9 for pixel data G22 
shown in FIG. 3, pixel data G20, R21, G22, R23, and G24 
in 2h are sequentially inputted in the input block 30. 

Next, the pixel data G20, R21, G22, R23, and G24 
inputted in the input block 30 are inputted into the 
filter 32 through the delay circuit 31. Namely, the 
pixel data G20 is inputted into the adder 32a, the pixel 
data R21 is inputted into the adder 32b, the pixel data 
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G22 is inputted into the adder 32c , the pixel data R23 is 
inputted into the adder 32b, and the pixel data G24 is 
inputted into the adder 32a . 

Then, the filter 32 computes interpolated pixel 
data G22' for the pixel data G22 from the pixel data G20, 
G22, and G24. Namely, the adder 32a adds the pixel data 
G20 and the pixel data G24 and outputs a result to the 
adder 3 2d. The adder 32c adds a result of quadrupling 
the pixel data G22 and a result of doubling the pixel 
data G22 and outputs a result of this addition to the 
adder 32d. Then, the adder 32d adds the outputs of the 
adder 32a and the adder 32c and performs 1/8 
multiplication on a result of this addition to output a 
result of the multiplication to the selector 33. The 
adder 32b adds the pixel data R21 and the pixel data R23 
and performs 1/2 multiplication on a result of this 
addition to output a result of this multiplication to the 
selector 33. 

Thus, by performing the adding operations by the 
adders 32a, 32c, 32d, {pixel data G20 + 6 X pixel data 
G22 + pixel data G24}/8 is computed. Namely, the filter 
32 constitutes filter [1, 0, l]/2 by the adder 32b, 
constitutes filter [1, 0, 6, 0, l]/8 by the adders 32a, 
32c, and 32d, and passes the pixel data G20, G22, and G24 
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through the filter indicated in the relation (1) above. 
Therefore, according to the ^filter 32, interpolated pixel 
data R22' and G22' for the pixel data R22 and G22 are 
generated. 

Then, the interpolated pixel data G22' and the 
pixel data G22 are inputted in the selector 33a and the 
selector 33b. A control signal H or a control signal L 
from the control block 10 is also inputted in the 
selector 33a and the selector 33b. When the control 
signal H is inputted, the selector 33a and the selector 
33b output the interpolated pixel data G22* supplied from 
the filter 32 to the selector 33c and the selector 33d. 
When the control signal L is inputted, the selector 33a 
and the selector 33b output the pixel data G22 to the 
selector 33c and the selector 33d without change. 

Next, because the interpolated pixel data G22' 
for the pixel data G22 is generated by the filter 32, the 
control block 10 outputs the control signal L to the 
selector 33c and the selector 33d. When the control 
signal L is thus inputted into the selector 33c and the 
selector 33d, the selector 33c outputs the interpolated 
pixel data R22* and the selector 33d outputs the pixel 
data G22 or the interpolated pixel data G22'. 
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On the other hand, when the control signal H is 
inputted from the control block 10 into the selector 33c 
and the selector 33d,. the selector 33c outputs the data 
supplied from the selector 33a and the selector 33d 
outputs the data supplied from the adder 32b. 

The selector 33c outputs interpolated pixel data 
R' or interpolated pixel data B' to the terminal 34a. 
The selector 33d outputs interpolated pixel data G' to 
the terminal 34b. When outputting the interpolated pixel 
data G22' for the pixel data G22 for example, the 
selector 33d is controlled to output the input from the 
selector 33b. When outputting the interpolated pixel 
data G23' for the pixel data R23 for example, the 
selector 33d is controlled to output the input from the 
adder 32b. When outputting the interpolated pixel data 
R22' for the pixel data G22 for example, the selector 33c 
is controlled to output the input from the adder 32b. 
When outputting the interpolated pixel data R23* for the 
pixel data R23, the selector 33c is controlled to output 
the input from the selector 33a. 

In computing the interpolated pixel data G' for 
pixel data G, the interpolated pixel data G' is computed 
supposing the CCD 3 consisting of only the pixel data G 
as shown in FIG. 5, of the inputted pieces of pixel data 
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R and G. Therefore, when computing the interpolated 
pixel data G* for a pixel for which no pixel data G 
exists, the horizontal-direction interpolator 15a uses 
filter [1, 0, l]/2 to compute the interpolated pixel data 
G'. When computing the interpolated pixel data G 1 for 
the pixel for which pixel data G exists, the horizontal- 
direction interpolator 15a uses filter [1, 0, 6, 0, l]/8 
to compute the interpolated pixel data G' . Therefore, in 
the horizontal-direction interpolator 15a that computes 
the interpolated pixel data G' by use of these filters, 
the frequency characteristics of these filters are as 
shown in FIGS. 6 and 7. Namely, filter [1, 0, 6, 0, l]/8 
presents the frequency characteristic shown in FIG. 6, 
while filter [1, 0, l]/2 presents the frequency 
characteristic shown in FIG. 7. According to these 
frequency characteristics, by use of these filters, the 
horizontal-direction interpolator 15a can reduce the 
difference between the frequency characteristic of the 
interpolated pixel data G* in the pixel for which the 
pixel data G exists and the frequency characteristic of 
the interpolated pixel data G' in the pixel for which the 
pixel data G does not exist. 
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Consequently, computing the interpolated pixel 
data G' for each piece of pixel data G can obtain the 
interpolated pixel data G' as shown in FIG. 8. 

As described above, the horizontal-direction 
interpolator 15a computes the interpolated pixel data 
R22' for the pixel data G22 in 2h by use of filter [1, 0, 
l]/2. in Ih, the horizontal-direction interpolator 15a 
can also compute the interpolated pixel data Bll* for 
pixel data Gil. 

When computing interpolated pixel data B22' for 
pixel data G22 in 2h, a filter shown in FIG. 9 is used. 
In what following, an example in which interpolated pixel 
data B' is computed in a line having no pixel data B. 

When computing interpolated pixel data B22 ' for 
pixel data G22, a horizontal-direction interpolator 15a' 
constituted as shown in FIG. 9 is used. It should be 
noted that, with reference to the horizontal-direction 
interpolator 15a 1 , components similar to those previously 
described with the horizontal-direction interpolator 15a 
shown in FIG. 4 are denoted by the same reference 
numerals and the description of the common components 
will be skipped. Namely, in the horizontal-direction 
interpolator 15a 1 shown in FIG. 9, the input block 30 is 
composed of a terminal 30a into which the pixel data in 
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lh are inputted in the order of BIO, Gil, B12, G13, and 
B14 for example and a terminal 30b into which the pixel 
data in 3h are inputted in the order of B30, G31, B32, 
G33, and B34 for example. The horizontal-direction 
interpolator 15a 1 also has an adder 35 into which the 
pixel data are inputted from the terminals 30a and 30b. 
The adder 35 performs an adding operation and a dividing 
operation on the inputted pixel data. Namely, the adder 
35 performs an operation {pixel data BIO + pixel data 
B30}/2 for example. Like the horizontal-direction 
interpolator 15a shown in Fig. 4, the horizontal- 
direction interpolator 15a' shown in FIG. 9 outputs 
interpolated pixel data G' and B' by way of delay 
circuits 31a through 31d, an adder 32, and a selector 33. 

Namely, the horizontal-direction interpolator 
15a 1 first performs arithmetic mean on the pixel data B 
corresponding to the pixels arranged in vertically 
adjacent lh and 3h for vertical interpolation, thereby 
computing interpolated pixel data B' by vertically 
interpolating as shown in FIG. 11 the pixel data B of the 
pixels arranged as shown in FIG. 10. 

Next, the horizontal-direction interpolator 15a • 
computes the horizontal-direction interpolated pixel data 
B' for the pixel data B by putting the vertical-direction 
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pixel data B and its interpolated pixel data B 1 through 
filter [1, 0, 6, 0, l]/8 and filter [1, 0, l]/2. 

Namely, the horizontal-direction interpolator 
15a' generates the interpolated pixel data B22 1 for a 
line having no pixel data B horizontally as follows. 
First, in the filter 32, filter [1, 0, 6, 0, l]/8 is 
applied to the pixel data B in lh and 3h through the 
adders 32a, 32c, and 32d and filter [1, 0, l]/2 is 
applied to the pixel data G in lh and 3h through the 
adder 32b. The horizontal-direction interpolator 15a' 
also has a subtraction processing circuit for subtracting 
the value of the pixel data G obtained through filter [ 1 , 
0, l]/2 from the value of the pixel data B obtained 
through filter [1, 0, 6, 0, l]/8 and an addition 
processing circuit for adding the interpolated pixel data 
G22* obtained by the horizontal-direction interpolator 
15a shown in FIG. 4 to the output of this subtraction 
processing circuit. 

In other words, the horizontal-direction 
interpolator 15a 1 subtracts the value of the pixel data G 
obtained through filter [1, 0, l]/2 from the value of the 
pixel data B obtained through filter [1, 0, 6, 0, l]/8 
and adds the pixel data G' to the resultant value of the 
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subtraction, outputting the interpolated pixel data B' to 
a weighted addition circuit 22. 

Thus, the horizontal-direction interpolator 15a 1 
shown in FIG. 9 can compute the interpolated pixel data 
B22' as shown in FIG. 12 even for the pixel data G22 
corresponding to the pixel for which no pixel data B 
exists as with 2h. Namely/ according to the horizontal- 
direction interpolator 15a' shown in FIG. 9, the 
interpolated pixel data B' can be computed for all 
pixels. 

Further, when computing the interpolated pixel 
data B22* for the pixel data G22, the horizontal- 
direction interpolator 15a 1 can use the interpolated 
pixel data obtained by the following relation (2) and the 
above-mentioned relation ( 1 ) . 

B22' = {(B12* - G12') + (B32 1 - G32')}/2 + G22 1 

... (2) 

According to the relation (2), the interpolated 
pixel data B22' can be computed by use of G12', G32', and 
G22 1 computed by the horizontal-direction interpolator 
15a and B32' and B12' computed by the relation (1). 

On the other hand, the vertical-direction 
interpolator 15b is constituted as shown in FIG. 13. It 
should be noted that with reference to the vertical- 
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direction interpolator 15b to be described below, 
components similar to those previously described with the 
horizontal-direction interpolator 15a are denoted by the 
same reference numerals and the description of the common 
components will be skipped. 

As shown in FIG. 13, the vertical-direction 
interpolator 15b has an input block 30 into which the 
pixel data R, pixel data G, and pixel data B in vertical 
direction are sequentially inputted; The input block 30 
has a terminal 30a into which the pixel data in lh is 
inputted, a terminal 30b into which the pixel data in 3h 
is inputted, a terminal 30c into which the pixel data in 
Oh is inputted, a terminal 30d into which the pixel data 
in 4 h is inputted, and a terminal 30e into which the 
pixel data in 2 h is inputted. 

Like the above-mentioned horizontal-direction 
interpolator 15a, the vertical-direction interpolator 15b 
also has a filter 32, selector 33, and an output block 
34. 

When pixel data B10, B30, GOO, G40, and G20 are 
inputted in the terminals 30a through 30e, the vertical- 
direction interpolator 15b outputs the pixel data 
inputted in the terminals 30a and 30b to the adder 32b, 
the pixel data inputted in the terminals 30c and 30d to 
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the adder 32a, and the pixel data inputted in the 
terminal 3 Oe to the adder 32c. Then, like the 
horizontal-direction interpolator 15a, the vertical- 
direction interpolator 15b applies these pieces of input 
pixel data to the above-mentioned relations (1) and (2) 
through the filter 32, thereby obtaining the interpolated 
pixel data R' , G' , and B 1 for the pixel data R, G, and B. 

The horizontal-direction interpolator 15a and the 
vertical-direction interpolator 15b that constitute the 
image data interpolating block 15 are connected to an 
edge processor 15c. Referring to FIG. 14, the edge 
processor 15c comprises an input block 40 composed of 
terminals 40a through 40c in which the delayed pixel data 
G from the above-mentioned gamma correcting circuit 14 is 
inputted, delay circuits 41a through 4 Id into which the 
pixel data G is inputted from the terminals 40a through 
40c, a comparing block 42 for making comparison between 
the pieces of inputted pixel data G, a computing block 43 
for performing computation processing on a result 
obtained in the comparing block 42, an output block 44 
for controlling the output according to a result obtained 
in the computing block 43, and an output terminal 45 for 
outputting the resultant pixel data from the output block 
44. The pixel data G is also inputted from the gamma 

27 



correcting circuit 14 into the edge processor 15c. The 
following describes the edge processor 15c by use of an 
example in which the values of interpolated pixel data G* 
shown in FIG. 15 are controlled. 

The input block 40 receives pixel data Gl through 
G4 around the interpolated pixel data G 1 of FIG. 15 
obtained by interpolation by the horizontal-direction 
interpolator 15a and the vertical-direction interpolator 
15b. When performing edge processing on the interpolated 
pixel data in 2h for example, the input block 40 has the 
terminal 40a into which the pixel data Gl in Ih adjacent 
above the interpolated pixel data G' is inputted, the 
terminal 40b into which the pixel data G2 and G3 
horizontally adjacent to the interpolated pixel data G ' 
are inputted, and the terminal 40c into which the pixel 
data G4 in 3h adjacent below the interpolated pixel data 
G 1 is inputted. The terminals 40a through 40c are 
connected to the delay circuits 41a through 4 Id as shown 
in FIG. 14. The pixel data Gl, G2, G3, and G4 are 
delayed to be inputted in the terminals 40a through 40c. 

The delay circuits 41a through 4 Id are connected 
to the comparing block 42 and the output block 44. The 
pixel data Gl through G4 are inputted from the input 
block 40 into the delays circuits 41a through 4 Id. The 
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delay circuits 41a through 4 Id output the pixel data Gl 
through G4 to the comparing block 42 and the output block 
44 on a clock that is in synchronization with a clock on 
which these pixel data Gl through G4 are inputted in the 
delay circuits. 

The comparing block 42 is composed of comparators 
42a through 42f into which two of the four pieces of 
pixel data inputted in the input block 40 are inputted. 
Namely, the comparing block 42 includes the comparator 
42a into which the pixel data Gl and G2 are inputted, the 
comparator 42b into which the pixel data Gl and G3 are 
inputted, the comparator 42c into which the pixel data Gl 
and G4 are inputted, the comparator 4 2d into which the 
pixel data G2 and G3 are inputted, the comparator 42e 
into which the pixel data G2 and G4 are inputted, and the 
comparator 42f into which the pixel data G3 and G4 are 
inputted . 

The pixel data Gl is inputted in the comparator 
42a at its terminal A and the pixel data G2 at its 
terminal B. The pixel data Gl is inputted in the 
comparator 42b at its terminal A and the pixel data G3 at 
its terminal B. The pixel data Gl is inputted in the 
comparator 42c at its terminal A and the pixel data G4 at 
its terminal B. The pixel data G2 is inputted in the 
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comparator 4 2d at its terminal A and the pixel data G4 at 
its terminal B. The pixel data G2 is inputted in the 
comparator 42e at its terminal A and the pixel data G4 at 
its terminal B. The pixel data G3 is inputted in the 
comparator 42f at its terminal A and the pixel data G4 at 
its terminal B. 

The comparison results are inputted from the 
comparing block 42 into the computing block 43. Based on 
the inputted comparison results, the computing block 43 
selects the second-place pixel data and the third-place 
pixel data from the pixel data Gl through G4 inputted in 
the input block 40. The computing block 43 is composed 
of plural selectors. If the comparison results of the 
comparator 42a , the comparator 42b, and the comparator 
42c are any of (L, H, H), (H, L, H), and (H, H, L) for 
example, the computing block 43 outputs a computing 
result with the pixel data Gl as the second place to the 
output block 44. If the comparison results of the 
comparator 42a, the comparator 42d, and the comparator 
42e are any of (H, L, L), (H, L, H), and (H, H, L) for 
example, the computing block 43 outputs a computing 
result with the pixel data G2 as the third place to the 
output block 44. 
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The output block 44 is connected to the input 
block 40 and the computing block 43. The pixel data Gl 
through G4 are inputted from the input block 40 into the 
output block 44. At the same time, the computational 
result is inputted from the computing block 43 into the 
output block 44. The output block 44 has a selector 44a 
for outputting pixel data according to the computational 
result indicative of the second place and a selector 44b 
for outputting the pixel data Gl through G4 according to 
the computational result indicative of the third place. 
The output block 44 also has an "00" terminal into which 
the pixel data Gl inputted from the terminal 40a is 
inputted, a terminal "10" into which the pixel data G2 
inputted from the terminal 40b is inputted, a terminal 
"01" into which the pixel data G3 inputted from the 
terminal 40b is inputted, and a terminal "11" into which 
the pixel data G4 inputted from the terminal 40c is 
inputted . 

An output block 45 is connected to the output 
block 44, the horizontal-direction interpolator 15a, and 
the vertical-direction interpolator 15b. The output 
block 45 outputs the pixel data Gl through G4 indicative 
of the second place and the third place outputted from 
the output block 44 to the horizontal-direction 
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interpolator 15a and the vertical-direction interpolator 
15b. 

When performing edge processing by the edge 
processor 15c thus constituted, the pixel data Gl, G2, 
G3, and G4 around the interpolated pixel data G* obtained 
by interpolation by the horizontal-direction interpolator 
15a and the vertical-direction interpolator 15b are 
inputted in the input block 40 as shown in FIG. 15. A 
numeral in each of the pixel data Gl through G4 shown in 
FIG. 15 denotes the size thereof. The pixel data Gl is 
inputted in the input block 40 at the terminal 40a, the 
pixel data G2 is inputted at the terminal 40b, the pixel 
data G3 is also inputted at the terminal 40b, and the 
pixel data G4 is inputted at the terminal 40c. Then, the 
input block 40 outputs these inputted pixel data Gl 
through G4 to the comparators 42a through 42f by way of 
the delay circuits 41a through 41d as shown in FIG. 14. 

Next, the comparators 42a through 42 f make 
comparison between the sizes of the inputted pixel data 
Gl through G4 and output comparison results to the 
computing block 43. At this moment, if the pixel data 
inputted at the terminal A is found greater than the 
pixel data inputted at the terminal B, each comparator 
outputs comparison result H to the computing block 43. 
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If the pixel data inputted at the terminal A is found 
equal to or smaller than the pixel data inputted at the 
terminal B f each comparator output comparison result L to 
the computing block 43. 

According to the comparison results supplied from 
the comparators 42a through 42f , the computing block 43 
determines the second-place and third-place pixel data Gl 
to G4 of the pixel data Gl through G4 inputted in the 
input block 40 and outputs computational results to the 
output block 44. The computational result indicative of 
the second place is outputted to the selector 44a. The 
computational result indicative of the third place is 
outputted to the selector 44b. Then, the selectors 44a 
and 44b select, based on the computational results, the 
pixel data Gl to G4 that correspond to the second place 
and the third place of the pixel data Gl, G2, G3 , and G4 
and output the selected pixel data to the output block 
45. 

The output block 45 outputs the received pixel 
data Gl to G4 corresponding to the second place and the 
third place to the horizontal-direction interpolator 15a 
and the vertical-direction interpolator 15b. 

Next, the horizontal-direction interpolator 15a 
and the vertical-direction interpolator 15b compute the 
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size of interpolated pixel data G 1 from the pixel data Gl 
to G4 corresponding to the second place and the third 
place. 

Therefore, according to the edge processor 15c 
thus constituted, if the size of the pixel data Gl is 
100, the size of the pixel data G2 is 100, the size of 
the pixel data G3 is 100, and the size of the pixel data 
G4 is 0 for example, the sizes of the pixel data between 
the second place and the third place are all 100, so that 
the size of the interpolated pixel data G 1 is limited to 
100. Consequently, according to the edge processor 15c, 
the interpolated pixel data G 1 obtained by vertically 
interpolating the pixel data shown in FIG. 15 is not 
computed as (100 + 0) = 50. 

The correlation value detecting block 16 receives 
pixel data from the above-mentioned gamma correcting 
circuit 14. The correlation value detecting block 16 
includes a horizontal-direction correlation detector 16a 
for detecting a horizontal-direction correlation value 
and a vertical-direction correlation detector 16b for 
detecting a vertical-direction correlation value. 

To compute a horizontal correlation value Ch, 
the horizontal-direction correlation detector 16a uses a 
filter indicated by a relation (3) shown below for a 



pixel for which pixel data G exists or a filter indicated 
by a relation (4) shown below for a pixel for which pixel 
data G does not exist. 



Ch 



-10 2 0 -1 

0 0 0 0 0 

-6 0 12 0 -6 

0 0 0 0 0 

-10 2 0-1 



.(3) 



Ch = 



-10 2 0-1 
0 0 0 0 0 
-10 2 0-1 



•(4) 



To be more specific , the horizontal correlation 
value Ch is computed through LPF (Low-Pass Filter) [1, 0, 
6, 0, 1] by use of the relation (3) if the pixel data G 
exists in vertical direction or through LPF [l f 0, 1 ] by 
use of the relation (4) if the pixel data G does not 
exist. Also, the horizontal correlation value Ch is 
computed through BPF (Band-Pass Filter) [-1, 0, 2, 0, -1] 
in horizontal direction. 

Referring to FIG. 16 , the horizontal-direction 
correlation detector 16a includes an input block 50 into 
which pixel data are inputted from the gamma correcting 
circuit 14 at terminals 50a through 50e, a filter 52 for 
generating horizontal correlation value Ch from the 
inputted pixel data, a selector 53 into which the 



horizontal correlation value Ch is inputted, and an 
output block 54 for outputting the horizontal correlation 
value Ch received from the selector 53. 

The input block 50 sequentially receives the 
vertically arranged pieces of pixel data shown in FIG. 3 
from the gamma correcting circuit 14. The input block 50 
has a terminal 50a at which the pixel data in lh is 
inputted, a terminal 50b at which the pixel data in 3h is 
inputted, a terminal 50c at which the pixel data in Oh is 
inputted, a terminal 50d at which the pixel data in 4h is 
inputted, and a terminal 50e at which the pixel data in 
2h is inputted. 

The filter 52 includes an adder 52a into which 
the pixel data are inputted from the terminals 50a and 
50b, an adder 52b into which the pixel data are inputted 
from the terminals 50c and 50d, an adder 52c into which 
the pixel data are inputted from the terminal 50e, and an 
adder 5 2d into which the outputs of the adders 52b and 
52c are inputted. Like the filter 33 shown in the above- 
mentioned horizontal-direction interpolator 15a and the 
vertical-direction interpolator 15b, the filter 52 
constitutes filter [1,-0, 6, 0, l]/8 by the adders 52b, 
52c, and 52d and filter [1, 0, l]/2 by the adder 52a. 
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The selector 53 has a selector 53a into which the 
output of the adder 52d and the pixel data from the 
terminal 50e are inputted and a selector 53b into which 
the output of the adder 52a and the output of the 
selector 53a are inputted. The selectors 53a and 53b are 
controlled by a control signal supplied from the control 
block 10. To be more specific, when the control signal H 
comes from the control block 10, the selector 53a outputs 
the pixel data received through the adders 52b, 52c, and 
52d. When the control signal L comes from the control 
block 10, the selector 53a outputs the pixel data 
received from the terminal 50e. The selector 53b 
outputs, according to the control signal received from 
the control block 10, the horizontal correlation value Ch 
that passed the adder 52a or the pixel data that passed 
the selector 53a. 

It should be noted that, in the horizontal- 
direction correlation detector 16a, the pixel data from 
which a correlation value is computed may be inputted in 
the selector 53 without passing the adders 52b, 52c, and 
52d. Thus, use of the pixel data G as a correlation 
value without passing the filter 52 can restrict the band 
of the pixel data G from lowering and simplify the 
circuitry. 
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The selector 53b is controlled to pass the 
outputs of the adders 52b , 52c, and 52d or the output 
from the terminal 50e for a pixel for which the pixel 
data G exists. The selector 53b is controlled to pass 
the output of the adder 52a for a pixel for which the 
pixel data G does not exist. 

The output block 54 outputs the horizontal 
correlation value Ch received from the selector 53b. The 
output block 54 is connected to the noise canceling block 
17 through BPF [-1/ 0, 2, 0, -1] in horizontal direction 
not shown, outputting the horizontal correlation value Ch 
to the noise canceling block 17. 

The vertical-direction correlation detector 16b 
computes a vertical correlation value Cv by use of a 
filter indicated in a relation (5) shown below for a 
pixel for which the pixel data G exists or a filter 
indicated in a relation (6) shown below for a pixel for 
which the pixel data G does not exist. 



-10- 



6 0 -11 



0 0 0 



0 



0 



Cv = 



2 0 12 0 



2 



(5) 



0 0 0 



0 



0 



-1 0 



-6 0 -1 



38 



CV = 



r-i o -i 
ooo 

2 0 2 
0 0 0 
-1 0 -1 



.(6) 



To be more specific, the vertical correlation 
value Cv is computed through BPF [-1, 0, 2, 0, -1] by use 
of the relations (5) and (6) in vertical direction. If 
the pixel data G exists, the vertical correlation value 
Cv is computed through LPF [1, 0, 6, 0, 1] by use of the 
relation (5) in horizontal direction or through LPF [1, 
0/ 1] by use of the relation (6) if the pixel data G does 
not exist. 

Referring to, FIG. 17, the vertical-direction 
correlation detector 16b includes an input block 55 into 
which pixel data are inputted through BPF [-1, 0, 2, 0, - 
1] in vertical direction not shown, delays circuits 56a 
through 56d into which the pixel data are inputted from 
the input block 55, a filter 57 for generating a vertical 
correlation value Cv from the pixel data received from 
the delay circuits 56a through 56d, a selector 58 into 
which the vertical correlation value Cv is inputted 
through the filter 57, and an output block 59 for 
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outputting the vertical correlation value Gv received 
from the selector 58. 

The input block 55 sequentially receives the 
pixel data from the gamma correcting circuit 14 through 
BPF [-1/ 0, 2, 0, -1] in vertical direction not shown. 
Then, the input block 55 outputs the received pixel data 
to the delay circuits 56a through 56d that are similar in 
constitution to the delay circuit 31 provided in the 
above-mentioned horizontal-direction interpolator 15a. 

The filter 57 is similar in constitution to the 
filter 52 provided in the horizontal-direction 
correlation detector 16a and includes adders 57a , 57b, 
57c f and 57d. Like the filter 53 provided in the 
horizontal-direction correlation detector 16a, the filter 
57 constitutes filter [1, 0, 6, 0, l]/8 by the adders 
57b, 57c, and 5 7d and filter [1, 0, l]/2 by the adder 
57a. It should be noted that, like the horizontal- 
direction correlation detector 16a, the vertical- 
direction correlation detector 16b may input the pixel 
data from which the correlation value Cv is computed into 
the selector 58 without passing the adders 57b, 57c, and 
57d. 

The selector 58 is similar in constitution to the 
selector 53 provided in the horizontal-direction 
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correlation detector 16a and has selectors 58a and 58b. 
The selectors 58a and 58b are controlled by a control 
signal supplied from the control block 10. 

The selector 58b is controlled to pass the 
outputs of the adders 57b, 57c, and 57d or the output of 
the delay circuit 56b for a pixel for which pixel data G 
exists. For a pixel for which pixel data G does not 
exist, the selector 58b is controlled to pass the output 
of the adder 57a. 

The output block 59 outputs the vertical 
correlation value Cv received from the selector 58b. The 
output block 59 is connected to the noise canceling block 
17 and outputs the vertical correlation value Cv to the 
noise canceling block 17. 

The correlation value detecting block 16 thus 
constituted can compute a correlation value C only from 
the pixel data G for example through the circuits that 
use the relations (3) through (6), thereby providing the 
horizontal and vertical correlation values Ch and Cv 
without being affected by the color of a subject. 

Referring to FIG. 2, the noise canceling block 17 
has a noise canceler 17a connected to the horizontal- 
direction correlation detector 16a and a noise canceler 
17b connected to the vertical-direction correlation 
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detector 16b. The noise cancelers 17a and 17b a 
constitution similar to that shown in FIG. 18. 

Referring to FIG. 18 f the noise cancelers 17a and 
17b include each an absolute value converting circuit 60 
into which the correlation value C is inputted from the 
correlation detectors 16a and 16b, a subtracting circuit 
61 into which the absolute correlation value is inputted, 
and a limiter 62 into which the subtracted correlation 
value C is inputted. 

The absolute value converting circuit 60 is 
composed of an exclusive OR gate 60a and an adder 60b for 
example. The absolute value converting circuit 60 makes 
absolute the received correlation value C to provide a 
positive value. Then, the absolute value converting 
circuit 60 outputs the resultant absolute correlation 
value C to the subtracting circuit 61. 

The subtracting circuit 61 is constituted by a 
subtractor 61a for example. The correlation value C is 
inputted from the absolute value converting circuit 60 
into the subtractor 61a. The subtractor 61a receives a 
control signal from the control block 10 indicative of a 
subtrahend for subtracting a predetermined value from the 
inputted correlation value C. Then, the subtractor 61a 
subtracts the subtrahend from the correlation value C 
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according to the control signal. Thus, by performing 
subtraction processing, the subtractor 61a subtracts, as 
indicated by a dashed line of FIG. 19A, the output of the 
correlation value C as indicated by a solid line of FIG. 
19A. Then, the subtracting circuit 61 outputs the 
subtracted correlation value C to the limiter 62. 

The limiter 62 is composed of an inverter 62a and 
an AND gate 62b for example. The limiter 62 performs 
processing so that the correlation value C subtracted by 
the subtracting circuit 61 to be a negative value as 
shown in FIG. 19B becomes 0. Then, the limiter 62 
outputs the resultant correlation value C to the offset 
circuit 18. 

The noise canceling block 17 thus constituted 
performs subtracting processing on the inputted 
correlation value C to eliminate minute correlation 
values C, thereby canceling the noises at minute values. 
According to the noise canceling block 17, the 
correlation value C is computed by passing the same 
through the BPF, so that the correlation value C computed 
for the noise of the CCD 3 itself can be canceled. In 
addition, according to the noise canceling block 17, if a 
noise component is included in the pixel data generated 
by the CCD 3 and the correlation value C is computed for 
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that noise, the minute correlation values can be 
subtracted. Therefore, according to the noise canceling 
block 17,, interpolated pixel data can be weighted by use 
of the correlation value C having few noises, thereby 
preventing image degradation due to the false-color 
signal included in an output image. 

Referring to FIG. 2, the offset circuit 18 has an 
offset circuit 18a into which a horizontal correlation 
value C is inputted from the noise canceler 17a and an 
offset circuit 18b into which a vertical correlation 
value C is inputted from the noise canceler 17b. These 
offset circuits 18a and 18b have a similar constitution 
as shown in FIG. 20. 

The offset circuits 18a and 18b are each 
constituted by an adder 65 for example as shown in Fig. 
20. The correlation value C is inputted in the adder 65 
from the noise cancelers 17a and 17b. A control signal 
indicative of a predetermined offset value is also 
inputted in the adder 65 from the control block 10. 

When the correlation value C is inputted from the 
noise cancelers 17a and 17b, the adder 65 adds the offset 
value to the correlation value C. Then, the adder 65 
outputs a result of the addition to the normalizing 
circuit 19. Namely, the offset circuits 18a and 18b add 
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the offset value to the correlation value C as indicated 
by a dashed line of FIG. 21 supplied from the noise 
cancelers 17a and 17b for example to produce a 
correlation value C as indicated by a solid line of FIG. 
21. 

Thus, in the offset circuits 18a and 18b f the 
offset value is added to a correlation value C, so that 
if the amplitude of the inputted correlation value C is 
about 0, a large correlation value C can be provided. 
The offset circuits 18a and 18b thus constituted can 
prevent the horizontal correlation value Ch and the 
vertical correlation value Cv from being drastically 
changed even if the amplitudes of a high-frequency 
signal and these correlation values are minute in the 
case of pixel data for which no correlation value C can 
be obtained by the above-mentioned correlation detecting 
block 16, for example pixel data constituting the image 
data in which color change takes place for each pixel. 
Namely, according to the offset circuits 18a and 18b, 
adding the offset value to a correlation value C makes 
the interpolated pixel data to be weighted by a 
correlation value C approach the direction in which the 
interpolation is made by arithmetic mean. Therefore, 
according to the offset circuits 18a and 18b, if the 
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amplitude of an inputted correlation value C is minute or 
in the case of a high-frequency signal changing for each 
pixel as shown in FIG. 22 , the horizontal correlation 
value Ch and the vertical correlation value Cv do not 
drastically change from 1 to 0 and 0 to 1 respectively in 
adjacent pixels. 

Referring to FIG. 2, the normalizing circuit 19 
is composed of an adder 19a into which a horizontal 
correlation value Ch and a vertical correlation value Cv 
are inputted from the offset circuits 18a and 18b and a 
divider 19b into which the vertical correlation value Cv 
and the output of the adder 19a are inputted. 

The normalizing circuit 19 thus constituted adds 
the vertical correlation value Cv and the horizontal 
correlation value Ch by the adder 19a and outputs a 
result of this addition to the divider 19b, in which the 
vertical correlation value Cv is divided by the result of 
the addition. Then, the normalizing circuit 19 computes 
a vertical correlation value Cv indicated by a relation 
(7) shown below. The horizontal correlation value Ch can 
be expressed as a relative value of the vertical 
correlation value Cv as indicated by a relation ( 8 ) shown 
below. 

Cv 

Vertical correlation value « (7) 

Cv + Ch 
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Horizontal correlation value = 



Cv + Ch 



(8) 



The bias correcting circuit 20 is constituted by 
an adder 20a as shown in Fig. 23. The vertical 
correlation value Cv indicated by the relation ( 7 ) is 
inputted in the bias correcting circuit 20 from the 
normalizing circuit 19. A correction value a is inputted 
into the adder 20a from the control block 10. This 
correction value a is generated by the control block 10 
and adjusted in a range of -1 to 1 according to the 
setting of the CCD 3 for example. 

The bias correcting circuit 20 adds the inputted 
vertical correlation value Cv to the inputted bias 
correcting value a. As a result of this addition, the 
vertical correlation value Cv becomes as indicated by a 
relation (9) shown below. 

Cv 

Vertical correlation value = + a (9) 

Cv + Ch 

Therefore, as shown in FIG. 24 for example, the 
bias correcting circuit 20 can change the inputted 
vertical correlation value Cv indicated by a dashed line 
to a value between the solid lines by adding the 
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correction value a. Namely, by adding the correction 
value a to a vertical correlation value Cv, the bias 
correcting circuit 2 0 can control and correct the 
vertical correlation value Cv by controlling the 
correction value a inputted from the control block 10 if 
the vertical correlation value Cv and the horizontal 
correlation value Ch do not reach a same level due to the 
distortion or the like in a signal coming from the CCD 3. 
In addition, if the relationship between vertical 
correlation and horizontal correlation cannot be 
correctly detected due the aspect ratio of the CCD or a 
distortion caused by detection of an analog signal 
outputted from the CCD, the bias correcting circuit 20 
can control the balance between the horizontal 
correlation value Ch and the vertical correlation value 
Cv by controlling the correction value a supplied from 
the control block 10. 

The emphasis/deemphasis circuit 21 is composed of 
a subtractor 21a into which the vertical correlation 
value Cv is inputted from the bias correcting circuit 20, 
a multiplier 21b into which the subtracted vertical 
correlation value Cv is inputted, an adder 21c into which 
the multiplied vertical correlation value Cv is inputted, 
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and a limiter 2 Id into which the added vertical 
correlation value Cv is inputted. 

In the subtractor 21a, the vertical correlation 
value Cv having a value 0 to 1 is inputted from the bias 
correcting circuit 20 and subtraction processing is 
performed on the inputted vertical correlation value Cv. 
The subtractor 21a subtracts only 0.5 from the vertical 
correlation value Cv. The multiplier 21b perform 
multiplication processing on the vertical correlation 
value Cv based on a control signal indicative of a 
multiplier inputted from the control block 10. The adder 
21c adds only 0.5 to the vertical correlation value Cv. 
The limiter 2 Id limits the inputted vertical correlation 
value Cv in a certain range. 

In the emphasis /deemphas is circuit 21, when the 
vertical correlation value Cv is inputted from the bias 
correcting circuit 20, first the subtractor 21a subtracts 
only 0.5 from the vertical correlation value Cv. Then 
multiplication processing is carried out on the 
subtracted vertical correlation value Cv. In this 
processing, the slope of the input /output of 
characteristic of the vertical correlation value shown by 
the solid line in Fig. 26 is varied to the slope shown by 
the dotted line or the dashed line in Fig. 26 
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corresponding to the multiplier inputted from the control 
block 10. Next, the adder 21c adds the 0.5 which has 
been subtracted by the subtractor 21a to the vertical 
correlation value Cv. The limiter 2 Id limits the 
vertical correlation value Cv in a range of 0 to 1. 

The emphasis/deemphasis circuit 21 thus 
constituted multiplies the vertical correlation value Cv 
by the multiplier supplied from the control block 10 to 
vary the slope of the input/output characteristic of the 
vertical correlation value Cv as shown in FIG. 26. 
Therefore, according to the emphasis/deemphasis circuit 
21, the vertical correlation value Cv can be varied by 
varying multiplier supplied from the control block 10. 
Consequently, according to the emphasis/deemphasis 
circuit 21, when weighting interpolated pixel data as 
will be described, control may be made so that, by 
varying a correlation value for weighting the 
interpolated pixel data, the interpolated data places 
emphasis on the correlation or interpolation is performed 
to make the interpolated pixel data approach arithmetic 
mean. In addition, according to the emphasis/deemphasis 
circuit 21, a correlation value can be controlled by 
varying a multiplier even if the amount of light inputted 
in the CCD 3 is small and therefore the output of the CCD 
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3 involves a lot of noises to fail the correct 
computation of the correlation value. 

Referring to PIG. 2, the weighted addition 
circuit 22 is composed of a subtractor 22a into which the 
vertical correlation value Cv is inputted to generate 
normalized horizontal correlation value Ch, a multiplier 
22b into which the normalized horizontal correlation 
value Ch is inputted, and a multiplier 22c into which the 
vertical correlation value Cv is inputted/ and an adder 
22d into which the vertical and horizontal interpolated 
pixel data are inputted. 

In the weighted addition circuit 22, the vertical 
correlation value Cv is inputted from the 
emphasis/deemphasis circuit 21 into the subtractor 22a 
and the multiplier 22c. The subtractor 22a subtracts the 
vertical correlation value Cv from 1 to generate the 
horizontal correlation value Ch. Then, the subtractor 
22a outputs the generated horizontal correlation value Ch 
to the multiplier 22b. 

The multiplier 22b receives the vertical 
interpolated pixel data from the vertical-direction 
interpolator 15b and the horizontal correlation value Ch 
from the subtractor 22a. The multiplier 22b multiplies 
the inputted vertical-direction interpolated pixel data 

51 



by the inputted horizontal correlation value Ch. Thus, 
the multiplier 22b performs weighting by multiplying the 
vertical-direction interpolated pixel data by the 
horizontal correlation value Ch. 

The multiplier 22c receives the horizontal- 
direction interpolated pixel data from the horizontal- 
direction interpolator 15a and the vertical correlation 
value Cv. The multiplier 22c multiplies the inputted 
horizontal-direction interpolated pixel data by the 
inputted vertical correlation value Cv. Thus, the 
multiplier 22c performs weighting by multiplying the 
horizontal-direction interpolated pixel data by the 
vertical correlation value Cv. 

The adder 2 2d receives the horizontal-direction 
interpolated pixel data weighted by the multiplier 22c 
and the vertical-direction interpolated pixel data 
weighted by the multiplier 22b. The adder 2 2d adds the 
inputted horizontal-direction interpolated pixel data to 
the inputted vertical-direction interpolated pixel data. 
Thus, by performing the addition processing, the adder 
22d obtains the interpolated pixel data weighted by the 
vertical and horizontal correlation values. Then, the 
adder 2 2d outputs the obtained interpolated pixel data to 
the contour correcting circuit 23. 
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The contour correcting circuit 23 is connected to 
the adder 22d of the weighted addition circuit 22. The 
interpolated pixel data is inputted in the adder 2 2d into 
the contour correcting circuit 23 and a contour emphasis 
signal is also inputted extracted from a circuit not 
shown. This contour emphasis signal compensate the 
degraded response of the CCD 3 and emphasizes the 
definition thereof. The contour correcting circuit 23 
adds the inputted contour emphasis signal to the inputted 
interpolated pixel data and outputs the result to the Y/C 
converter 24. 

The Y/C converter 24 is connected to the contour 
correcting circuit 23 and receives the interpolated pixel 
data therefrom. The Y/C converter 24 converts the 
inputted interpolated pixel data consisting of R, G, and 
B into a Y/C signal consisting of a luminance signal (Y) 
and a color difference signal (C). Then, the Y/C 
converter 24 outputs the resultant Y/C signal to the 
color-difference signal suppresser 25. 

The color-difference signal suppresser 25 is 
connected to the Y/C converter 24 and receives the Y/C 
signal therefrom. As shown in FIG. 27, the color- 
difference signal suppresser 25 is composed of a BG-data 
suppresser 25a into which a color difference B-G of pixel 
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data with one line consisting of pixel data G and B is 
inputted and an RG data suppresser 25b into which a color 
difference R-G of pixel data with one line consisting of 
pixel data G and R is inputted. 

The BG data suppresser 25a has input blocks 70a 
through 70c into which a color difference B'-G' of 
interpolated pixel data G f and B' is inputted, absolute 
value converting circuits 71a through 71c into which the 
color difference B'-G* is inputted from the input blocks 
70a through 70c f comparators 72a through 72c into which 
the absolute value color difference B'-G' is inputted 
from the absolute value converting circuits 71a through 
71c, a computing circuit 73 into which a comparison 
result is inputted from the comparators 72a through 72c, 
a selector 74 into which a computation result is inputted 
from the computing circuit 73, and an output block 75 
into which the pixel data is inputted from the selector 

The color difference B'-G' in vertical direction 
is inputted in the input block 70a. The color difference 
B'-G* in horizontal direction is inputted in the input 
block 70b. The color difference B'-G 1 weighted by a 
correlation value is inputted in the input block 70c. 
The input block 70b outputs the inputted color difference 
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B'-G' to the absolute value converting circuit 71a. The 
input block 7 0b outputs the inputted color difference B'- 
G' to the absolute value converting circuit 71b. The 
input block 70c outputs the inputted color difference B*~ 
G' to the absolute value converting circuit 71c. 

The absolute value converting circuits 71a 
through 71c are each composed of an exclusive OR gate 76 
and an adder 77 for example. The absolute value 
converting circuits 71a through 71c make absolute the 
inputted color difference B'-G' into a positive value. 
The absolute value converting circuits 71a through 71c 
output the absolute value color difference B'-G' to the 
comparators 72a through 72c. 

The comparator 72a receives at its terminal B the 
color difference B'-G' through the absolute value 
converting circuit 71a and at its terminal A the color 
difference B'-G' through the absolute value converting 
circuit 71c. The comparator 72b receives at its terminal 
A the color difference B'-G' through the absolute value 
converting circuit 71a and at its terminal B the color 
difference B'-G 1 through the absolute value converting 
circuit 71b. The comparator 72c receives at its terminal 
A the color difference B'-G' through the absolute value 
converting circuit 71b and at its terminal B the color 
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difference B'-G* through the absolute value converting 
circuit 71c. The comparators 72a through 72c each 
compare the magnitudes of the color differences B'-G' 
inputted at the terminals A and B. If the color 
difference B'-G' inputted at the terminal A is found 
greater than that inputted at the terminal B, the 
comparators output comparison result H to the computing 
circuit 73. If the color difference B'-G' inputted at 
the terminal A is found equal to or smaller than that 
inputted at the terminal B, the comparators output a 
comparison result L to the computing circuit 73. 

The computing circuit 73 receives the comparison 
result from the comparators 72a through 72c and a control 
signal from the control block 10. The computing circuit 
73 generates a computation result based on these 
comparison result and the control signal and outputs the 
generated computation result to the selector 74. 

If the control signal H comes, the computing 
circuit 73 outputs a computation result 11. If the 
control signal L comes, the computing circuit 73 
generates a computation result based on the comparison 
results coming from the comparators 72a through 72c. If 
the comparison results of the comparators 72a, 72b, and 
72c are H, L, and X respectively, the computing circuit 
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73 outputs computation result "00" to the selector 74. 
If the comparison results of the comparators 7 2a, 27b, 
and 72c are X, H, and L respectively, the computing 
circuit 73 outputs computation result "01" to the 
selector 74. If the comparison results of the 
comparators 72a, 72b, and 72c are L, X, and H, the 
computing circuit 73 outputs computation result "10" to 
the selector 74. 

The selector 74 receives the computation result 
from the computing circuit 73 and the color differences 
B'-G 1 from the input blocks 70a through 70c. The 
selector 74 receives at its "11" terminal and "10" 
terminal the color difference B'-G* from the input block 
70c, at its terminal "01" the color difference B'-G' from 
the input block 70b, and at its terminal "00" the color 
difference B'-G' from the input block 70a. If the 
computation result "11" comes, the selector 74 outputs 
the color difference B'-G' received at the terminal "11". 
If the computation result "10" comes, the selector 74 
outputs the color difference B'-G' received at the 
terminal "10". If the computation result "01" comes, the 
selector 74 outputs the color difference B'-G' received 
at the terminal "01". If the computation result "00" 
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comes, the selector 74 outputs the color difference B'-G" 
received at the terminal "00". 

The RG data suppresser 25b receives color 
difference R'-G' at the input blocks 70a through 70c. 
The RG data suppresser 25b puts the color difference R 1 - 
G' through the absolute value converting circuit 71, the 
comparator 72, the computing circuit 73, and the selector 
74 to select the smallest color difference R'-G 1 to be 
outputted at the output block 75. 

Therefore, as shown in FIG. 28A, the color 
difference signal suppresser 25 thus constituted selects 
the smallest interpolated pixel data Rh and Gh of the 
interpolated pixel data Rv and Gv for vertically arranged 
pixel data R and G, the Rh and Gh for horizontally 
arranged pixel data R and G, and the color difference of 
weighted interpolated pixel data Rc and Gc. In addition, 
the color difference signal suppresser 25 selects the 
interpolated pixel data R'-G' nearest to 0 of the 
compared interpolated pixel data as shown in FIG. 28B. 

The color difference signal suppresser 25 thus 
constituted outputs the interpolated pixel data received 
at the input blocks 70a through 70c that has the smallest 
absolute value. Therefore, when pixel data is generated 
by the interpolated pixel data weighted by a correlation 
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value in a band in which no correlation can be obtained, 
the color difference suppressor 25 can prevent an image 
that has a high brightness and is achromatic (for 
example, a glistening glass) from taking on a false 
color * Consequently, the color-difference signal 
suppresser 25 can prevent a color turn distortion from 
occurring even in a frequency range in which no 
correlation is obtained. 

The output block 75 outputs the interpolated 
pixel data from the selector 74 to the output block 26. 
The output block 26 is a terminal to a recording medium 
for recording pixel data, a display monitor, or outside 
equipment for example. 

In the foregoing, the description has been made 
using the camera apparatus 1 having the CCD 3 of primary 
color coding for example. It will be apparent to those 
skilled in the art that the present invention is also 
applicable to any solid state image sensors of coding in 
which the majority color of the colors presented by the 
pixel data included in image data is arranged in a 
checker. 

While the preferred embodiments of the present 
invention have been described using specific terms, such 
description is for illustrative purposes only, and it is 
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to be understood that changes and variations may be made 
without departing from the spirit or scope of the 
appended claims. 
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